PAT-NO: JP411068192A 



DOCUMENT-IDENTIFIER: JP 11068192 A 

TITLE: MULTI-TUNNEL JUNCTION, TUNNEL MAGNETORESISTANCE EFFECT 

ELEMENT, MAGNETIC SENSOR AND MAGNETIC RECORDING SENSOR 
HEAD 

PUBN-DATE: March 9, 1999 



INVENTOR-INFORMATION: 
NAME 

SATO, TOSHIHIKO 
NAKATANI, RYOICHI 
INABA, NOBUYUKI 



ASSIGNEE-INFORMATION: 

NAME COUNTRY 

HITACHI LTD N/A 



APPL-NO: JP09221501 
APPL-DATE: August 18, 1997 



INT-CL (IPC): H01L043/08, G01R033/035 , G01R033/09 , G1 1B005/39 , H01F010/00 



ABSTRACT: 

PROBLEM TO BE SOLVED: To make operable at room temp. 

SOLUTION: On a substrate 11 composed of an insulator layer a first soft 
magnetic material-made layer 210 is formed, an insulation layer 350 is formed 
on the substrate 1 1 and soft magnetic layer 210, a first and second tunnel 
barrier layers 310, 31 1 made from dielectric films are formed on a region 
surrounded by the insulation layer 350 on the magnetic layer 210, ferroelectric 
particles 1 10 of 10 nm or less are provided between the tunnel barrier layers 
31 0, 31 1 , and a second soft magnetic material-made layer 21 1 is formed on the 
barrier layer 311. 

COPYRIGHT: (C)1999,JPO 



7/24/06, EAST Version: 2.0.3.0 



(19)B*Bft§W (JP) 02) & H 4$ jfr & g| (A) 



#^11-68192 

(43)&BBB ¥«11¥(19^)3^9B 



(51) IntCL 0 
H0 1L 43/08 
G0 1R 33/035 
33/09 
G 1 1 B 5/39 
HO IF 10/00 



F I 
HO 1L 
GO 1R 
Gl IB 
HO 1 F 
GO 1R 



43/08 
33/035 
5/39 
10/00 
33/06 



SSEll* *St# 9 OL (£10H) 





#H¥9-221501 


(71) USA 


000005108 










(22)dJKB 


^9¥(1997)8^18B 










azmmm 


































«3KIPH»#rfr«a£^ffi-TB280#« 








«ca^tB4Sf^ff*9f^f« 
















JftKfBB^Tfn&&^g-TB280#lft 








ttit^tt b imm^wm^ 






(74)ft3SA 





(57) [gift] 

cms] mwcwsfmmiz-ri. 

i*««tt** 2 1 ozmtfLi. mmi 
i . mmtm2 1 o±fcfgtai3 5 o *#j*u scat 

ttttif 2 1 0±Of£iW3 5 OlcJ; OB^flfeffHlzBI 

0, 3 11£»|£U by*rt*K!J7Jl3 1 Ot 
IWVJ7M3 1 1 fctffllfcttatfl 0 n mttT<m®& 

ft® 2 1 lfcJMW*. 




1 1 

2i i •••»2©ttatt{*e(h^y*a) 

3 1 0---SS1 <D h>*JUt'J7Jg 
3 1 1 •••*20h>*)U/<iJ7! 



7/24/06, EAST Version: 2.0.3.0 



(2) 



nmv-i 1-68192 
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$mm<tem&mmm^hzttfx'%h. ^ 
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•5. .I<9i§-£\ &fc)0IJ3 (J. R. Thomas, "Preperation 
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cles," Journal ofApplied Physics vol. 37, 2914 (19 
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h-nmzmitLx^hif. mm.tow&=F\ 
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wgttmzi.~>xvy*)\smTm3 1 o*»^jf**« 

7J|3 10tfM8ffi^JlWUi9<. hy*;UA*'J7«3 

1 o<o«iB±t»*iiiicta& f c*&. -etT. ^eaitt 

♦MHSfiPl 1 0*>>V^;WA''J7«3 1 Oco^ffi±Sr«i 
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[00 3 1] ZZX\ ^ffittiWSS^l lOO^^^ti 
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«i, ftSHiwsiaatfwsa^i 1 oa^mji. cos 
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rsj^tt^rtc^jteLT. hX^A*>JT«3 1 0, 311 
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2 0 k&BSttffcJl2 1 0£fctt«8tt#Jl2 1 1 tm 
YV9Xl251Ml.%2<nY 

yrjik&o. *®ttfWf 2 10.21 la^nA/vh 
Mft?l 2 0<^<Wf-<r)\>>*)Vimmt%h. tit, 

-7 h 'J ? X 1 2 5 ?)JI$ b n mX'h 4 Z b *^ , 

(RiattfWB2 1 1 k«:ffltttftii2 1 OkOHtttn^ 
hgia^l 2 0(i-JlL*^^L=5r(<^-C. avtoM* 

a-? 1 2 0^0 h 210.21 50 
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1 0 

l^g^u^L^^, zmby^mnzm 

Jftl/CV*4. 3A/I^{8$H=-1 2 0Ji¥te»2 0n 

H>®&m$.l l zMmot%z.C>ti&. *L,T. 07^ 

fcv^TJi. -ehy^xi 2 5^A>>5rSmK Sil2CDby 
^A*yr«*J«k^3A;Phi8S^l 2 0*»44S«tt 

[ 0 0 3 9 ] mnmtmt tximitriu^-^ 
ttf^ttflk iX3*)\sb<m£&tt:m<?>m<fr&&m 

ttiffit&ZbtfiX-tk. 

[0040] ttz. 01, 07tc^L^hy*;u®m» 

K«Wl*Jfc:»iet4«EV*«atttMi2 1 0t«Cfi8tt 
fM 2 1 1 k (cjox . h y*)V%Wi I <7)K«(cJtt4^ 
fl:2r^-^-t&ifct=ioT, ®&*y+rbLx®ft 
Z*hZbtfX'%h. 4fc, $rHgLT 
fcS, «Ciitt*12 1 0k«iStt«:J12 1 1 fcOlHfcfc 

tLTt. tt«^bii(MMtficl 2 10k ScKttfrl 
2 1 1 bcoffl<nitfr?mmjLR<D3Mtb IXtfUtiZhZ. 

mfemomaz A*ur . 0 1 tc^t^ h y*A«sus 

kQSBTCfc-afc. 4fc, iifflaJ£iiiR«il OOOeg 
S<0^a®^tev^Tfi7ck^O. HTBSSiSttRi: 1 
k O e ^OfflnMT1t&*lt ft**? HfifilRmfc 
C7)HAR (=R-Rm) til 0 0 kQm£k&9 . HA 
ROfi/jNSg^HffifilRmfcStrSik ( AR/Rm) ti4 

4k, 20//Vg«t'i>-5^. 

[0041] ort, 01.07 fc^Lfe h y^;nsm 

iHBw J: 0 =5r«ffi v Z1mz.X . »I8«J h 
y***a I Wgfcfc LTfSSS-fl>^k5:#i.4. JJE 

c^B: 3 i 3 (c . z <n v y*juwfii i (im 

BEV(cJtW4^k , «EV<0 3micJt^-f4^k 

S&**^?ii-cv^i,3^y^y yfwmzx&f&ttcr, 
x-ztfuux'Z. z<^(Dmmcr>m\,mm.ttzmiX'Z 

4. 
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1 1 

[00421 011 liWIfcftSK^: yWtoOm 

»»&jStHT*t. H(cs-f i3t. m.m®2 1 
i tzmmt . mEv( f xo^mms o o«qm$ 

*U fC5&tt#/12 1 Olzm8i&iii7>75 1 OMMIS 
*U W$foft7y7'5 1 0 fc>vf <)V9 5 2 0# 

[0 04 3] iO«SH=>^-««iajliI»*(=*J^Ttt. 
««B#H*mr&i:. h^*A«ai(f, 3f) 

(f, 3f)<i. nEN<n3mz\m?&m^$i?m io 

*>U mWiiiiTyy , 5 1 o^ajfl^W/N'-x? -f 
5 2 0 tA^Six. Attft#JM(cJ: 9J9ltKft3 f OJfcft 
^£#**«*Vo(3f)H5l'5ai*j&»4>. h >"*;!<" 

f*>J*4hWft*§fl*. *LT. ffl«R3f<*>jS#<0i1. 
S«#H03gflit*hrSlE^S:-b^<i-f fc LT8U 
(f. «EV03«titflW4JS4Wl«EV<D±#i:ffK 

««ttttfl2 i o fcttattfM2 1 1 ttcJn 

[ 0 0 4 4 ] ±a»fllO«IBi(ci3^Ttt. SI 1 . 
»2<0«tttMii: LT«t«tt*Wm*»fe=S:4«aaifefMi 

210, 211 £m\ wmmtft Lxmm.m 
2<nmmtLx&mmtnfrt>%h&i . S20 30 

jaaatowjBKcsvvttt. 5&atttt«&? 1 1 o^g 

1 a FSSt Lfc#, OttfMRS^iBS* 
SrlOaFOTfc-rfLtfJ:^. 
[0045] 

y/a^(c«t i> h y*>vw&zmmh <r t c j 9 . n 

[004 6] SSI, ^2<0hy^A-»JTlfeJ: 
M^*&£i:fc:J:-vC»jSU;fc*tc«. JS1, 852 
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1 2 

[0047] ^fc. mmm-^wmtzt%^ 
it. mi. %2<nmm^mm*T<<fhzttfiX' 

[0048] ttc, m.$s.*y*r. wsssm±yf^-vv 
tz&^x. zmhywi-m^coyn-yn k«ki*w>a 

[ 0 0 4 9 ] t/c. asusy*. Gssneg* y^^-y H 

fcfcWC, *1, S*2C0S&ttftJBiafcXS&«ff£an;U 
23WES*8Ht, £%ra?)«ftlG30)rta£2»il 

[Hffi^sm&muj] 

[01 ] *^(cffi&#«h>'*rt«6«:ir-r* h** 
[02 ] 0 1 fc*U: h y*;HWttHfiSMI3lH t ^«8i 

mammx-h*. 

[H 3 ] 0 1 fc* Lfc h y*/HMRJfifii^*?<a«£ 

*ffi«Si«0f*S. 

[04 ] 0 1 KSU: h >*;HKSUSfi0»m3R^S8Jt 

[0 5 ] 0 1 tc* itz h y*>vmmmm&=w$m 

[06 ] 0 1 iz^uz h y*>wm.mm?<7)Wk 

[07 ] i&m&hfto&*\> >*>M£&£#-ra h 

[08 ] 0 7 tc^ itz h y^timsmmm^H^« 
z^-fmwmx'h&. 

[0 9 ] 0 7 fc* Lfc h ^MBSOKn^JIffWtBi 
[010] H7fc*Lfch>*^a6SyHii3»««?<0« 
[01 1 ] *Mfc*lW&±ywmWHM*nit 

mx'hh. 

[012] f^hV*/MW^fiB!Maff^StHT 
1 

1 1 o-mmmm. 1 ? 

12 0-3A;K>iSf 

1 2 5-VhU^X 

2 1 o-tniffMmum 

2 1 l-J02<Ott»ttfMi ( h-xrSS) 

3 i o- m i <?) h y^PA-y ri 
3 1 i-m2<7)^y^tw<07m 

5 2§->\4>*X-? 
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[HI] 



[02] 



H2 



211 110 311 



(a) 





1 1 •••IIC 

1 1 o---g«tt*aft? 

2 1 o---*i <D*mi*m(.*<-xnm 

21 1 -*2l9ttitt«l(h-y7ti) 
3 1 0---II1 0 h>*JUt"J7« 
3 1 1 •••*2©>>*;U/<U7« 



(b) 



[ 
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[05] 

05 




[07] 

H7 



211 




210 



1 1 ••»&« 

1 20-qAil h«ft* 

1 25-71^^^ 

2 1 0-in^itti>lh-7W) 
2 1 1 •"*2<&tt«ti**(h?y*S> 



[08] [09] 




1 1 

1 25-7HJn 

2 1 0—*1<D«M1t*Jl 

2 1 1 "•»2(D*KttttS(l>'y7*«) 
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[010] 



[01 1] 




M 1 



a> i 



211 



!SS8SS8i 



I 3 - 



— 210 



■ H k 211 

C =C> y 



• •••1 



125 



» 2,0 



l(f,3f) 520 



V 0 (3f) 



510 



1 20 — a'UUHMfi* 

2 1 <>••■» 1 ©■HMBMK'<-X«» 
2 1 1— *2(DimttlMKh?7««> 



[012] 

HI 2 
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